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Abstract
For several years, during the exploitation of the conventional electrical network, the problem of the quality of the 
electrical energy provided to the users has arisen. This is due to the increasing presence on the network of nonlinear 
loads; they constitute a harmonic pollution source of to the network, which generate many disturbances, and disturb 
the optimal operation of electrical equipments. In this work, we propose a solution to eliminate the current harmonics 
introduced by the nonlinear loads, thanks to a Shunt Active Filter supplied by a photovoltaic generator, for the 
compensation at the same time of the harmonics currents and the reactive power. 
The algorithm of control and regulation of the three-phase inverter operating as a harmonics compensator uses the 
PWM control strategy. We carry out initially the identification of the currents of references, which make it possible to 
control the currents injected into the network, thanks to a regulator which determine the reference voltage of the 
PWM control inverter.
Lastly, the numerical simulation of the photovoltaic compensation system, that we approached in this work allowed 
us to reach very good performances of compensation, from the point of view of the reduction of the distortion 
harmonic rate of and the improvement of the power-factor.
© 2010 Published by Elsevier Ltd.
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1. Introduction
Power Quality (PQ) is an important measure of an electrical power system. The term PQ means to 
maintain purely sinusoidal current wave form in phase with a purely sinusoidal voltage wave form. The
power generated at the generating station is purely sinusoidal in nature. The deteriorating quality of 
electric power is mainly because of current and voltage harmonics due to wide spread application of the 
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power electronics based equipments which include adjustable-speed motor drives, electronic power 
supplies, DC motor drives, battery chargers, electronic ballasts are responsible for the rise in power 
quality related problems [1] [2], [3]. These nonlinear loads absorb non-sinusoidal currents and generally 
consume reactive power. Harmonic currents produced by non linear loads are injected back into power 
distribution systems through the point of common coupling (PCC) 
As the harmonic currents pass through the line impedance of the system, harmonic voltages appear, 
causing distortion at the point of common coupling. Harmonics have a number of undesirable effects on 
the distribution system. They fall into two basic categories: short-term and long-term. Short-term effects 
are usually the most noticeable and are related to excessive voltage distortion. On the other hand, long-
term effects often go undetected and are usually related to increased resistive losses or voltage stresses. In 
addition, the harmonic currents produced by nonlinear loads can interact adversely with a wide range of 
power system equipment, most notably capacitors, transformers, and motors, causing additional losses, 
overheating, and overloading. These harmonic currents can also cause interferences with 
telecommunication lines and errors in metering devices. Because of the adverse effects that harmonics 
have on power quality, Standard has been developed to define a reasonable framework for harmonic 
control [1].  
The need to generate pollution-free energy has triggered considerable effort toward renewable energy 
(RE) systems. Renewable energy sources such as sunlight, wind, flowing water, and biomass offer the 
promise of clean and abundant energy. Among the renewable energy sources, solar energy is especially an 
attractive option. This useful energy is supplied in the form of DC power from photovoltaic arrays (PV) 
bathed in sunlight and converted into more convenient AC power through an inverter system. Efforts have 
been made to combine the Shunt Active Filter with photovoltaic system [5]. The photovoltaic arrays 
interactive shunt active power filter system can supply real power from the photovoltaic arrays to loads, 
and support reactive and harmonic power simultaneously to use its almost installation capacity. This 
technology has many excellent features: it causes little environmental burden, it is of a modular type 
technology that can be easily expanded, and it is applicable almost everywhere. 
 
This paper presents an analysis and simulation of a PV (supported by a MPPT controller) interactive 
Shunt Active Filter topology that achieves simultaneously harmonic current damping and reactive power 
compensation. For the Shunt Active Filter reference current computation we use the real and imaginary 
instantaneous powers theory, and for gating signal generation we apply the carrier-based PWM 
modulation. 
Fig. 1 shows the proposed system; a dc-dc converter can be used to adjust the value of the output 
voltage of PV energy source to the voltage value of the dc-side capacitor of the Shunt Active Filter, three-
wire systems and nonlinear loads. 
In the day-time with intensive sunlight, the PV interactive Shunt Active Filter system brings all its 
functions into operation. At night and during no sunlight periods, the power required by the loads is 
received from the distribution system while the inverter system only provides reactive power 
compensation and filter harmonic currents  
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Fig. 1. Configurations of photovoltaic interactive Shunt Active Filter system. 
2. DC-Link Voltage Control Scheme  
A method for controlling the DC link in this system is proposed that has two voltage control loops, the 
one for the DC/DC converter and the inverter voltage loop. The reason for having two voltage loops is so 
that when energy from the PV array is no longer available, and the DC/DC converter shuts down, there 
will still be a controller left to maintain the DC link voltage. To prevent interaction between the two 
controllers, the bandwidth of the DC/DC converter voltage loop was designed to be high and the inverter 
DC voltage control loop bandwidth was designed to be at least 10 times lower [5].  
The DC/DC converter voltage loop dominates the inverter voltage loop while the PV array is operational 
and when the DC/DC converter shuts down the inverter voltage loop takes over control of the DC link 
voltage. Simulations of the loop gain for the DC/DC voltage loop and the inverter voltage loop show that 
when the DC/DC converter is in operation, the inverter voltage loop gain is never greater that unity and 
when the DC/DC converter shuts down the inverter voltage loop gain rises back up to its designed 
bandwidth.  
3. The Maximum Power Point Tracker (MPPT) 
The maximum power point of a solar array is the point along the I-V curve that corresponds to the 
maximum output power possible for the array. This value can be determined by finding the maximum 
area under the I-V curve. Fig. 2 
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Typically, the MPPT is achieved by interposing a DC-DC converter between the PV generator and the 
load, thus, from the voltage and/or current measurements, the MPPT algorithm calculates the optimal 
duty cycle (D) in order to maximize the power flow. 
 
Fig. 2. Example PV array V-I curve. 
 
Obviously, as the radiation and temperature are dynamic variables, the MPPT algorithm must work 
practically in real time, updating D constantly and keeping the accuracy and speed of tracking. 
Perturb and Observe (P&O) is one of the most used MPPT algorithms in PV tracking systems. The main 
advantage of this technique is that the search for the MPP will be done independently on the 
environmental conditions, however its implementation require a voltage and a current sensor. 
When in operation, the P&O algorithm calculates the PV output power P(n-1)=I(n-1)*V(n-1) and causes a 
perturbation on the duty cycle D . If after the perturbation the power P(n)=I(n)*V(n) increase 
P(n)>P(n-1), the perturbation is kept at the same direction. On the other hand, if after the perturbation the 
power P(n)=I(n)*V(n)  decreases, P(n)<P(n-1), the direction of the duty cycle is inverted. 
4. Shunt Active Filter Model and Controller 
The Shunt Active Filter power stage is a six switch current bi-directional converter that consists of a 
switching network and the filter components.  
The output of the inverter is connected to the utility grid, which is represented as an ideal, balanced, delta, 
three phase voltage source. This simplification of the utility grid model is based on a simplifying 
assumption that the utility voltage is stiff and therefore is unaffected by the converter output currents. 
Each of the switches in the switching network are IGBTs with anti-parallel diodes to allow current flow in 
both directions. 
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5. Real and Imaginary Instantaneous Powers Theory  
The Real and Imaginary Instantaneous Powers Theory was developed by Akagi, with the objective of 
applying it to the control of active power filters [3]. 
This theory is based on time-domain, what makes it valid for operation in steady-state or transitory 
regime, as well as for generic voltage and current power system waveforms, allowing to control the active 
power filters in real-time. Another important characteristic of this theory is the simplicity of the 
calculations, which involves only algebraic calculation (exception done to the need of separating the 
mean and alternated values of the calculated power components). 
It applies an algebraic transformation (Clarke transformation) of three-phase system voltages and load 
currently in the a-b-c coordinates to the α –β coordinates by the relations 
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The instantaneous power for the three-phase system is as follows:  
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Where P is the instantaneous real power .Q is the instantaneous imaginary   power. 
 
By observing the formulations of P and Q , it is possible to put them in the following form: 
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Finally , it is possible to calculate the reference currents, in the α –β coordinates by applying the 
expressions(7)  .The reference currents are then translated to the a-b-c coordinates through the inverse 
Clarke transform : 
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Fig.3. Calculations of the p-q theory  
6. Current Control by PWM Carrier Strategy 
The Shunt Active Filter is controlled by a PWM (pulse width modulated) carrier strategy. Reference 
currents Iref1, Iref2
 
and Iref3
 
and injected currents Iinj1, Iinj2
 
and Iinj3
 
are used in a PI (proportional 
integral) loop control. Control signal is limited and then compared to a triangular PWM carrier signal in 
order to command VSI (voltage source inverters) switches. Fig. 7 illustrates PWM control for Active 
Shunt Filter. 
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Fig.4. PWM carrier control for Shunt Active Filter 
7. SIMULATION RESULTS  
The analysis of the three-phase system given in Fig.1 has been done in SIMULINK/ MATLAB 
environment. The system has a three-phase AC source of 230 V at 50 Hz (which is represented as an 
ideal, balanced, delta, three phase voltage source) feeding three-phase nonlinear load (180KVA).  
 
 
 
 
Fig. 5 Phase “a” current of load Ich1, Reference current Iref1, injected current Iinj1 and source current Ia. 
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                                          (a) : after filtering                                       (b) : before filtering  
 
Fig.6. Spectral analysis of compensation harmonic current.   
 
 
Fig7. Temporal analysis before compensation reactive power 
 
 
Fig.8.Temporal analysis after compensation reactive power 
 
The simulation results show the spectral analysis, performed on phase (a) for the current load and the grid 
network after active filtering. The load side current THD (total harmonic distortion) of 26% is reduced to 
3.98% on the grid network, which confirms the good quality of filtering. We also note that the current 
filtered in phase with the voltage, shows a good filtering of harmonic currents and a perfect compensation 
of reactive power.  
8. Conclusion     
In this work we present an analysis and simulation of a PV (supported by a MPPT controller) interactive 
Shunt Active Filter. This system is used to eliminate harmonics generated by a nonlinear load and 
reactive power compensation .We chose the parallel active filter, because of its advantages such as its 
adaptation to dynamic changes of the load. 
We opted for the method of identification of instantaneous power, in order to identify the harmonic 
currents and reactive power, separately or simultaneously, to ensure their compensation. 
Spectral analyses before and after filtering harmonic is carried out in order to compare the results and 
determine power active filter efficiency. 
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Finally, the study of photovoltaic system of compensation of harmonics, as we discussed in this work 
enabled us to achieve very good performance compensation, both for current harmonics and for reactive 
power. 
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